↑What is "already known" in this topic: There are no results about the cost-effectiveness of teriparatide compared with alendronate and risedronate for treatment of patients with postmenopausal osteoporosis in Iran.
Introduction
Osteoporosis is a systemic skeletal disease characterized by low bone mass and the deterioration of bone tissue and increases the risk of fractures, especially hip, vertebrae, and wrist (1, 2) . Osteoporosis has become a serious health problem, especially among the elderly, and it was recognized as a serious public health problem, with about 200 million people being affected worldwide in 2012 (3) . A total of about 5.5 million people suffered from osteoporosis in Europe in 2012 (4) . Different figures have been reported among Iranian women for the prevalence of the disease (6% to 43%) (5) . Osteoporosis-associated fractures impose a high economic and social burd en on the society, owing to its impact on the mortality and quality of life (6) 1.5% of the annual total mortality rate and a reduction of approximately 1000 years of life (7) . In 2005, more than 2 million Americans suffered from osteoporosis-associated fractures, the economic costs of which have been estimated to be US$17 billion (8) .
In general, osteoporosis, which is defined with a Tscore (bone mass measurement test) of about -2.5 and lower, affects most postmenopausal women. Age, gender, low body weight, race, lack of vitamin D, and underlying medical conditions are among important factors involving the loss of bone mass (9) . Women's gender and menopause have been reported as osteoporosis risk factors in Iran (10) .
Due to the multifactorial nature of osteoporosis, its prevention, and management is particularly complex. All medical interventions aim to maintain bone mass, skeleton structural integrity, and avoid brittle bones from the prevention stage to the treatment stage of the disease (9) . Clinical studies have shown that non-medicine treatments together with medicine treatments such as vitamin D, calcium, bisphosphonates (such as alendronate and risedronate) as well as selective estrogen receptor modulators (SERMs) reduce the fracture rate (6, 11) . Teriparatide is also used as a recombinant human hormone or rhPTH to increase bone mineral density (BMD) and reduce the fracture risk (12) (13) (14) .
Bisphosphonates were used to prevent and treat osteoporosis since the introduction of alendronate in 1995 (11, 15) . Bisphosphonates is considered popular and effective for the treatment of osteoporosis because of its effectiveness and long-term effects, however, its cost-effectiveness has not been approved in contrast with new medicines such as denosumab (15) (16) (17) . Teriparatide (recombinant human hormone) is one of the first anabolic osteoporosis drugs, which was approved by the Food and Drug Administration (FDA) in 2002 (13) .This medicine can be an appropriate treatment for osteoporosis caused by glucocorticoids, and its daily consumption stimulates bone formation and increases the bone mass. Thereby, it decreases the risk of spine fracture and other bones (14) . In a study on postmenopausal women with glucocorticoid-induced osteoporosis, treatment with synthetic teriparatide and estrogen, compared with the estrogen alone, significantly increased the mineral density of lumbar spine bone (18) . Also, based on a cost-effectiveness study, the drug was a cost-effective option compared with a non-treatment option (19) .
Considering the fact that osteoporosis is considered a serious health problem in developing countries and its impact on the mortality, the quality of life, and the increasing costs of health systems, it is essential to determine the cost-effectiveness of drugs used to prevent and treat the disease; thus, policymakers should optimally allocate resources and make appropriate decisions in this regard (4, 6) . The current study aimed at analyzing the cost-effectiveness of risedronate, alendronate, and teriparatide (CinnoPar ® ) in treatment of osteoporosis in Iranian postmenopausal women aged 60 years and over.
Methods
Teriparatide (with brand name of CinnoPar ® ) costeffectiveness analysis, compared with alendronate and risedronate, was performed in the form of a decision tree model and considering 3 different health states (hip, spine, and wrist fractures) to compare treatment strategies. The initial model, which was extracted from Liu et al. (13) , was localized for the country's economic conditions, experts, and clinicians' opinions, available information as well as clinical guidelines (Fig. 1) . The results of the decision tree model were obtained in incremental costeffectiveness ratios (ICERs) for the 3 treatment strategies as cost per QALY. 
Analytical Model
The microsimulation was performed for 1000 hypothetical population in the modified model of Liu et al. (13) . TreeAge Pro 2011 (Tree-Age Software Inc. Williamstown, MA, USA) was used for modeling and data analysis. The model key components are as follow: selected treatment strategies for the osteoporosis treatment, health events in decision tree arms (no fracture, hip fracture, wrist fracture, vertebral fracture, death, and survival), and the probabilities. The time horizon of 2 years was considered in this study and costs were analyzed from the health system perspective. Costs and utilities were discounted at a rate of 3%. To calculate the willingness-to-pay threshold, the World Health Organization's approach was used, that is, if the ICER ratio was less than 3 times the country's per capita gross domestic product (GDP), the treatment option would be considered as a cost-effective strategy, whereas one that costs less than once the national annual GDP per capita was considered highly costeffective (20) . Taking into account Iran's per capita GDP of US$4670 in 2014(21), the willingness-to-pay threshold was considered to be US$14010.
Population
Due to the high prevalence of osteoporosis at the age of 60 years and over in Iran, the studied population was selected from patients aged 60 years and over. Therefore, postmenopausal women older than 60 years with the Tscore of -2.5 or lower, and with at least a history of spine, wrist, and hip fracture caused by osteoporotic, were investigated as the target population in this study. Cost data of 1150 patients of 60 years and older who were admitted to the hospitals in due to osteoporotic hip, vertebral, and wrist fractures were used in the model.
Therapeutic Strategies
In this study, the cost-effectiveness analysis of 3 treatment strategies for the osteoporosis treatment was assessed as follows:
• Two years of treatment using teriparatide (CinnoPar ® ) at a dose of 20 μg/day subcutaneously • Two years of treatment using alendronate at a dose of 70 mg/week
• Two years of treatment using risedronate at a dose of 5 mg/day
Transition Probabilities
In this study, the risk of hip, wrist, and spine fractures in postmenopausal women was obtained for each of the treatment strategies based on data of the published studies and by multiplying the relative risk fractures of hip, spine, and wrist by the fracture rate of the control group (22) (23) (24) . Also, the risk of death due to the hip fracture was determined to be 0.0025 according to U.S. Congress, Office of Technology Assessment (25) and by taking the average of the chance for age groups of 60 to 99 years (Table 1) .
Costs and Discounting
Costs were studied from the health system perspective. Thus, the direct medical costs including the cost of medicines and hospitalization were entered into the study. According to the 2-year time horizon in the study, the direct medical costs related to 3 types of fractures (i.e., hip, vertebral, and wrist fractures) were measured by investigating (Table 1) . Also, the costs of drugs were calculated using the drug price list of Food and Drug Administration and based on the average wholesale price of teriparatide (CinnoPar ® ), different brands of alendronate and risedronate (the price of domestically produced drugs was considered) as well as by taking into account the patient's daily dose. One-way sensitivity analysis was performed for the acceptable range of these costs due to the differences in the prices of medicines and medical services tariffs, and all costs were converted to 2014 USD. According to the Central Bank of Iran, the United States dollar was 30350 I.R Rials. According to exchange rate in 2014, the United States dollar was 30350 I.R Rials.
Health State Utilities
In this study, studies published in this area were used to extract the different states of health utilities (13) . In these studies, the utilities were calculated using standard gamble and time trade-off methods. The values of utilities were different for wrist, hip, and spine fractures for the first and second years, and the utility for the death state was considered zero (Table 1) .
Sensitivity Analysis
The model robustness and its results were evaluated using one-way sensitivity analysis. According to health evolution plan and annual change in tariffs for public inpatient services and physician visits as well as based on experts' opinions, costs were considered as the most important parameters affecting the analysis results. One-way sensitivity analysis was performed for the costs of drugs and fractures of the wrist, hip, and spine, with a rate of ±25% and ± 30%, respectively.
Results

Base-Case Analysis
Based on the base case analysis, incremental cost effectiveness ratio (ICER) of alendronate and teriparatide than risedronate (base treatment) was US$-2178.03 and US$483783.67 per QALY, respectively. Therefore, alendronate found to be the dominant and cost-effective treatment option.
Also, the results of the incremental cost-effectiveness ratio of teriparatide and alendronate strategies, compared to risedronate (base-case= risedronate), revealed that alendronate had a lower cost and more QALY.
Although teriparatide had more QALY compared with risedronate treatment (base), it was more costly at as well.
Thus, alendronate was the dominant drug compared with the risedronate, but none of the treatment options was considered as the dominant option among the treatment strategies (Table 2) . Cost-effectiveness plane of the osteoporosis treatment alternatives are demonstrated in Fig. 2 .
Sensitivity Analysis
One-way sensitivity analysis was performed on the annual cost of drugs at a rate of ±25% (Table 3 ). Based on The results of sensitivity analysis on the costs of hip, spine, and wrist fractures at a rate of ± 30% in the first and second year revealed that if the costs of the hip and vertebral fractures are reduced by 30% in the first year, the study results will change and the risedronate will be selected as the cost-effective treatment option. Increases or decreases in the discount rate did not change the result of the study (Table 3) .
Discussion
This study analyzed the costs-effectiveness of teriparatide (CinnoPar ® ) compared with alendronate and risedronate in the prevention and treatment of osteoporosis in Iranian women aged 60 years and over. In this study, the decision tree model was used for modeling the costs and effects including vertebral, wrist, and hip fracture reduction in one-year cycle and time horizon of 2 years. The cost analysis was considered based on the payer's perspective. Despite the fact that teriparatide is used as a new strategy in the prevention and treatment of osteoporosis, the present study found that the it is less cost-effective, mainly due to its high costs compared with alendronate and risedronate. In fact, although teriparatide has gained a slight increase in QALYs compared with the 2 other strategies, its total costs are about 8 times more than alendronate and risedronate. In this study, alendronate therapy strategy was more cost-effective than other interventions in treating postmenopausal women at risk of osteoporosis. According to the study results, incremental cost-effectiveness ratio (ICER) of alendronate and teriparatide than risedronate (base treatment) was US$-2178.037109 and US$483 783.67023 per QALY, respectively. Therefore, the dominant and cost-effective treatment option was alendronate. The results of incremental cost-effectiveness revealed that if risedronate is considered as the base option, alendronate will have lower costs and more QALY, and thus will be the dominant option.
The sensitivity analysis showed that the results of the model were sensitive to costs and that reduction of the annual cost of risedronate by 25%, reduction in hip fracture costs in the first year by 30%, and 30% increase in the cost of spinal fractures in the first year, made risedronate more cost-effective compared with the other 2 strategies. In other cases of the sensitivity analysis, the study results remained unchanged and alendronate continued to be the cost-effective option. Although treatment interventions were not compared with the non-treatment option, most studies showed that osteoporosis interventions were costeffective in women over 60 years with low bone density and previous fracture history, compared with the nontreatment option (26) . For example, the results of the previous studies show that teriparatide (27, 28) , alendronate (29, 30) , and risedronate (31, 32) have been cost-effective compared with no-treatment option. In addition, previous systematic review studies showed that oral bisphosphonates compared with hormonal drugs such as teriparatide are more cost-effective in women over 70 years, particularly those with more risk factors (6, 33) . For example, the results of a study conducted by National Institute for Health and Clinical Excellence, which evaluated the cost effectiveness of bisphosphonates and teriparatide based on the 2 models of the manufacturer and the Institute's Evaluation Group showed that the incremental costeffectiveness ratio of teriparatide in the manufacturer's model, compared with the comparator (no treatment), was £35 400 per QALY. The same figures were £577 and £3135 per QALY for alendronate and risedronate, respectively (34) . These results are consistent with findings of Thomson et al. (2010) , which found that risedronate has led to less fracture rates (reduction in 12 months), more QALYs and less costs compared with alendronate (35) . However, unlike the results of National Institute of Clinical Excellence study, Murphy et al. (27) indicated that the use of teriparatide was a cost-effective option as first-line treatment with incremental cost-effectiveness ratio of €50 000 per QALY, compared with both the non-treatment option and bisphosphonate. In contrast, study of Tosteson et al. (36) showed that among no-treatment, risedronate, and alendronate options, ibandronate and teriparatide treatment options were dominant.
In general, by taking into account the differences in the risk of fractures, comparators, countries conditions, the model structure and patients' adherence to the recommended treatment regimens, it is impossible to present clear recommendations about the relative costeffectiveness of interventions used to prevent and treat osteoporosis. Typically, there are a few studies that include all medicine interventions for treatment of osteoporosis. Moreover, due to different methodological approaches, it is less likely to compare studies or characteristics of the study population. Furthermore, the generalizability of the previous studies on the cost-effectiveness of osteoporosis drugs are associated with uncertainty, because many factors such as the fracture risk vary between countries, and thus affect their cost-effectiveness.
The main strengths of this study was gathering cost information from a large sample of patients. In this study, 6 cost information was obtained based on medical records of 1150 patients with osteoporosis, wrist, spine, and hip fractures. In contrast, the most important limitation of the current study was the fact that the risk of fractures in the population studied for the 3 strategies was not based on the local information. Although the most reliable previous clinical trials on the risk of fracture were used, the lack of information on drugs' effectiveness in the country was one of the limitations of this study. In general, the 2 previous systematic review studies on the prevalence of osteoporosis in the Iranian women showed that the osteoporosis prevalence in the vertebral and hip was 18.9% and 17%, respectively (37, 38) . The results of these studies indicate a high prevalence of osteoporosis in older age groups and in the country's Northern regions, where the osteoporosis rate has been rapidly increasing in the recent years. Thus, the osteoporosis prevalence, especially in menopausal women and in the aging population, combined with this disease, can impose a huge burden on the society and the health system. The results of this study can be useful for the policymakers who aim to make decisions about prioritizing medical interventions for current patients or those at risk of osteoporosis. Moreover, considering the development and the arrival of new interventions and treatments for osteoporosis, it is of utmost importance for the Ministry of Health and other insurance organizations to consider the significance of this issue for the insurance coverage and repayment of the costs of the interventions.
Conclusion
Over the past 2 decades, economic evaluation studies based on decision analytic models have become an important tool to investigate the cost-effectiveness of medicines used in the prevention and treatment of osteoporosis. This study, which was conducted in the form of a decision tree model, revealed that teriparatide, a recombinant human parathyroid hormone, is not a cost-effective option compared with alendronate and risedronate. The use of teriparatide treatment strategy was more expensive compared with risedronate and alendronate and was associated with a slight increase in QALYs of patients.
Moreover, a significant reduction in the price of teriparatide and restriction in its use only for women at high risk of fracture and for acute and short-term treatment courses can contribute to the cost-effectiveness of the medicine. However, further studies on the local effectiveness of osteoporosis treatment strategies can help enhance the quality of economic evaluation studies in this area.
